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Claim 14 was rejected the second paragraph of 35 U.S.C, §112. 

In the statement of the rejection, the Examiner observed a lack of literal 
antecedent bases support for the claim limitation "removing the photoresist mask". This 
rejection is traversed. 

Claim 14 has been amended to provide the step of forming a photoresist mask, 
thereby providing antecedent bases for the removal of the photoresist mask. Applicants, 
therefore, submit that the imposed rejection under the second paragraph of 35 U.S.C. 
§112 has been overcome and, hence, solicit withdrawal thereof 

In the third enumerated paragraph on page 2 of the June 17, 2002 Office Action, 
the Examiner requested that the status of copending application mentioned in the 
specification be updated. In response, the status of the mentioned copending applications 
has been updated. 

Claims 1 through 3, 5 through 14 and 16 through 20 were rejected under 35 
U.S.C. §103 for obviousness predicated upon You et al. in view of the acknowledged 
prior art. 

This rejection is traversed. 

The reference to You et al. issued on May 22, 2001 on an application filed July 7, 
1999. However, the present application was filed on February 4, 2000, prior to the 
issuance date of You et al. Ergo, the reference to You et al. finds its way into the prior 
art by virtue of 35 U.S.C. § 102(e). 
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According to 35 U.S.C. § 103(c), subject matter developed by another person 
which qualifies as prior art under 35 U.S.C. §102(e) shall not preclude patentability under 
35 U.S.C. §103 if the subject in the claimed invention were, at the time the invention was 
made, owned by the same person or subject to an obligation of Assignment to the same 
person. The reference to You et al. was assigned to Advanced Micro Devices, Inc., 
(AMD) and, the claimed invention was assigned or subject to an obligation of 
Assignment to AMD at the time the claimed invention was made. Thus, the reference to 
You et al. and the claimed invention were , at the time the claimed was made, ovraed by 
the same person (AMD) or subject to an obligation of Assignment to the same person 
(AMD). 

Based upon the foregoing. Applicants submit that the reference to You et al. can 
not preclude patentability of the claimed invention under 35 U.S.C. §103. Without the 
reference to You et al., the imposed rejection falls. 

Based upon the foregoing. Applicants submit that the imposed rejection of claims 
1 through 3, 5 through 14 and 16 through 20 under 35 U.S.C. §103 for obviousness 
predicated upon You et al. in view of the acknowledged prior art is not factually or 
legally viable and, hence, solicit withdrawal thereof. 

Adverting the sixth emmierated paragraph on page 4 of the June 17, 2002 Office 
Action, AppUcants would stress that "Exhibit A" containing U.S. Patent No. 6,433,143 
was submitted as evidence of nonobviousness. Applicants would note the Examiner is 
not free to ignore any objective evidence of nonobiousness made of record. Stratoflex 
Inc. V. Aeroquip Corp., 713 R2d 1530, 218 USPQ 871 (Fed Cir. 1983). 
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It should, therefore, be apparent that the imposed rejections have been overcome 
and that all pending claims are in condition for immediate allowance. Favorable 
consideration is, therefore, respectfully solicited. 

To the extent necessary, a petition for an extension of time under 37 C.F.R. 1 .1 36 is 
hereby made. Please charge any shortage in fees due in connection with the filing of this 
paper, including extension of time fees, to Deposit Account 500417 and please credit any 
excess fees to such deposit account. 



600 13^ Street, N.W. 
Washington, DC 20005-3096 
(202)756-8000 AJSmtb 
Facsimile: (202)756-8087 
Date: September 17, 2002 



Respectfully submitted, 



MCDERMOTT, WILL & EMERY 




lithim J! Steiner 
egistration No. 26,106 
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APPENDIX 

IN THE SPECIFICATION: 

Page 1, the first full paragraph under the caption "RELATED APPLICATION" 
now reads as follows: 

This application contains subject matter similar to subject matter disclosed in 




I copending U.S. Patent Application Serial No. 09/498,335 filed on February 4, 2000. 




IN THE CLAIMS: 

Claim 14 now read as follows. 

14. (Amended) A method of manufacturing a semiconductor device, the 
method comprising: 

depositing a layer of dielectric material, having an as-deposited dielectric constant 
no greater than about 3, over a conductive region or conductive feature; 




forming a photoresist mask on the layer of dielectric material; 



forming a through-hole in the dielectric layer exposing the upper surface of the 
conductive region or conductive feature; and 



removing the photoresist mask and cleaning the through-hole with a plasma 
containing carbon tetrafluoride (CF4) and water vapor (H2O) such that the dielectric 
constant of the dielectric layer does not increase more than about 15%. 
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[57] ABSTRACT 

The invention provides a method of manufacturing a metal 
interconnect. A substrate having a metal line formed thereon 
is provided. An anti-reflection layer is formed on the metal 
line. A dielectric layer with a relatively low dielectric 
constant is formed over the substrate. A patterned photore- 
sist layer is formed on the dielectric layer. The patterned 
photoresist layer has an opening exposing a portion of the 
dielectric layer. The portion of the dielectric layer exposed 
by the opening is removed to form a via hole. The patterned 
photoresist layer is removed by an O2 — ^H20 — CF4 plasma. 
The pressure of the O2 — ^H20 — CF4 plasma is about 
800-1000 torr. A cleaning process is performed by a post- 
stripper rinse solution and de-ionized water without using an 
acetone solution. A barrier layer is formed over the substrate 
by chemical vapor deposition. A metal nucleation is per- 
formed for a long time by chemical vapor deposition to form 
metal nuclei on the barrier layer. A metal layer is formed to 
fill the via hole by chemical vapor deposition. 

11 Claims^ 4 Drawing Sheets 
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FIG. 1A (PRIOR ART) 
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FIG. IB (PRIOR ART) 
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METHOD OF MANUFACTURING cleaning process. The vapor is produced from the Si — OH 

INTERCONNECT bonds by filling the via hole 112 with the metal layer 114 at 

a high temperature, so that it is difficult to till the via hole 
BACKGROUND OF THE INVENTION 112 with the metal layer 114 and the step coverage of the 

metal layer 114 in the via hole 112 is worse. Both the 
keyhole 116 and the poisoned via plug occur due to the 



SUMMARY OF THE INVENTION 



1. Field of Invention 

The present invention relates to a method of manufactur- formation of the vapor, 
ing multilevel interconnects. More particularly, the present 
invention relates to a method of manufacturing a via plug. 

o ¥^^^««*«t^^ f^i^^^i^A Aw The invention provides a method of manufacturing a 

2. Descnption of Related Art lO . i • * » a i„* # u • * i r r i 

. metal mterconnect. A substrate havmg a metal line formed 
In the semiconductor manufactunng process, the devices jij^reon is provided. An anti-reflection layer is formed on the 
are connected to each other through the metal mterconnects. metal line. A dielectric layer with a relatively low dielectric 
Generally, an inter-metal dielectric (IMD) layer is used to constant is formed over the substrate. A patterned photore- 
electrically isolate two adjacent metal layers from each sist layer is formed on the dielectric layer. The patterned 
other. Moreover, a conductive layer used to electrically is photoresist layer has an opening exposing a portion of the 
connect the two adjacent metal layers is called a via plug in dielectric layer. The portion of the dielectric layer exposed 
the semiconductor industry. '^The location in the metal layer by the opening is removed to form a via hole. The patterned 
used to connect to the via plug has an allowance border to photoresist layer is removed by an O2 — ^HzO — CF^ plasma, 
make sure that the via plug can be completely located on the The pressure of the O^ — H2O — CF4 plasma is about 
surface of the metal layer, in what is known as a landed via 20 800-1000 torr. A cleaning process is performed by a post- 
plug stripper rinse solution and de-ionized water without using an 
When the design rules becomes smaU. there is no allow- ^'f Abarrier layer is foimcd over the substrate 
ancc border at the location in ±cmetallaycr used to connect ''^f^'^f ^"P"' deposiUon. A metal nuclealion is per- 
to the via plug to increase the integration. Tliis is known as f?™"" '° "^^^ ""f o". "'^ Earner layer for a long 
a borderless structure. But the borderless via plug manufac- 25 time by chenuca vapor deposiUon. A metal layer .s formed 
turing process is relatively difficult. When misalignment 1° AU the via hole by chemical vapor deposiUon. 
occurs, the via phig may not be completely located on the invention provides a via plug metallization process, 
metal layer, which is called an unlanded via plug. A substrate having a dielectric layer formed thereon is 
In order to increase the operation efficacy of the devices P'°^'^- ^^y^' fT^''^*'"^; 
and decrease the resistance^apacitance time delay effect, a ^ ^ ^7?' -^/"""f l^*^ ^^"^^ ''^ ^^"V"^^ 
new orientation forms a dielectric layer with a relatively low vapor deposiUon A metal nudeation is performed for a long 
dielearic constant between the metal layeis. However, a via by chemical vapor deposition to form metal nuclei on 
plug formed in the dielectric layer with a relatively low J 'S^Ta'' r dt ^tila 
dielectric constant leads to several problems, especially ^ emic vapor eposi on. 

when misalignment occurs. 35 In the invention, the ARC is used as an etching stop layer 

T-F-r^o iA*u uii^ u *• *• 1- during the formation of the via holes and the over-etching 

FIGS. lAthroughlC are schematic, cross-sectional views • j <• u * 1*1 *u 

e *-i c ' -1 process IS performed for a short time to completely open the 

of the conventional process for manufacturing a via plug - . 1 4^ c j- 1 * • 1 -^u 1.-1 1 

J r-1-1 * 1 1 J* 1 ^ * * via holes. Therefore, the dieleclnc layer with a relatively low 

made of die lectnc matenal with a low dielectnc constant. j- 1 • * * -n *u . * j *u t_ l *i: * 

dielectnc constant will not be penetrated through by the via 

As shown m FIG. lA, an oxide layer 104 is formed on a ^ tiole when misaligmnent occurs. Hence, the poor step cov- 
substrate 100 includmg metal hues 102. In order to obtain an ^^^^^ electrical problems caused by the penetrated 
even surface, a dielectnc material 106 with a low dielectnc ^ole can be avoided. Additionally, the patterned photo- 
constant is fonned to M gaps 107 between the metal lines ^^^^ j^y^^ ^ ^^^^^^ ^y the O^-H^O-^CF, plasma with 
102. An oxide layer 108 is deposited over the substrate 100 ^ relatively low pressure of about 800-1000 torr, so that the 
to form a sandwich-stmcture dielectric layer probability that the Si-H bonds are oxidized into Si--OH 

As shown m FIG. IB, a patterned photoresist layer 110 is bonds is decreased. Therefore, the poisoned via plug can be 

formed on the oxide layer 108. The oxide layer 108 is avoided. Moreover, the probability of removing the poly- 

pattemed to form a via hole 112 while using the patterned mers produced during the etching procedure is increased, the 

photoresist layer 110 as an etching mask. rate of removing the photoresist layer can be decreased and 

As shown in FIG. IC, the photoresist layer 110 is stripped 50 the duration of photoresist layer removal is extended, so that 

by oxygen plasma. A cleaning process is performed to the probability of removing the polymers produced during 

remove the remaining photoresist layer and the manufactur- the etching procedure is increased. Furthermore, after the 

ing process by-product by acetone solution, post-stripper patterned photoresist layer is removed, very little polymer 

rinse solution and de-ionized water. The via hole 112 is filled remains over the substrate, so that the cleaning process is 

with metal layer 114 to finish the via plug manufacturing 55 performed without using acetone solution after the patterned 

process. photoresist layer is removed. Therefore, the poisoned via 

In order to form the via holes with different depths, it is plug in the subsequent process caused by the cleaning 

common to perform over-etching process during the forma- solution for removing polymer can be prevented, 

tion of the via hole 112 in the oxide layer 108. However, the Incidentally, in the metallization process, since the duration 

etching rate of the dielectric layer 106 with a low dielectric 60 of the metal nuclcation process in the invention is longer 

constant is larger than that of the oxide layer 108. Therefore, than that of the conventional metal nucleation process, the 

the via hole 112 exposes and may penetrate the dielectric metal nuclei are finely and uniformly formed on the barrier/ 

material 106, even to the point of penetrating through the via adhesion layer. Therefore, the step coverage ability of the 

hole 112 when the misalignment occurs. The Si — H bonds of subsequendy formed tungsten layer is improved and the 

the dielectric material 106 exposed by the misalignment via 65 keyhole will not occur. 

hole are oxidized into the Si — Oil bonds in the subsequent It is to be understood that both the foregoing general 

processes of removing the photoresist layer 110 and the description and the following detailed description are 
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exemplary, and arc intended to provide further explanation In the invention, the ARC 204 is used as an etching stop 

of the invention as claimed. layer (luring the formation of the via holes 222, so that the 

1^^^™.^ «^ ^ .„™.^ over-etching can be performed in a short time to form the via 

BRIEF DESCRIPTION OF THE DRAWINGS ^oles 222 with different depths when misalignment occurs. 

The accompanying drawings are included to provide a 5 Hence, the worse metal step coverage and the electrical 

further understanding of the invention, and are incorporated problems caused by the penetration of the via holes 222 can 

in and constitute a part of this specification. The drawings be avoided. 

illustrate embodiments of the invention and, together with As shown in FIG. 2D, the patterned photorcsist layer 218 

the description, serve to explain the principles of the inven- is removed by the O2 — U^O — CF4 plasma with low pies- 

tion. In the drawings, 10 sure. The pressure of the O2 — ^Il20 — CF^ plasma is about 

FIGS. lAthroughlC are schematic, cross-sectional views 800-1000 millitorr. Since the — HjO — CF4 plasma is 
of the conventional process for manufacturing a via plug used instead of the conventional O2 plasma and the pressure 
made of dielectric material with a low dielectric constant; of the — ^H20 — CF4 plasma is relatively low, the prob- 
and ability that the Si — H bonds arc oxidized into Si — OH bonds 

FIGS. 2Athrough2F are schematic, cross-sectional views is decreased. Therefore, the poisoned via plug can be 

of the process for manufacturing a metal interconnect. avoided. Moreover, the rate of removing the photoresist 

layer can be decreased and the duration of photoresist layer 

DESCRIPTION OF THE PREFERRED removal is extended, so that the probability of removing the 

EMBODIMENTS polymers produced during the etching procedure is 

FIGS. 2A through 2F are schematic, cross-sectional views mcreased. 

of the process for manufacturing a metal interconnect. After that, a cleaning process is performed. In the 

As shown in FIG. 2A, a substrate 200 having metal lines invenUon, the solution used to perform the cleaning process 

202 formed thereon is provided. The material of the metal o°ly includes post-stripper rinse solution, such as 

Unes 202 can be aluminum, aluminum-copper alloy or „ N-Methylpyrolidone (NMP), and de-ionized water. Since 

copper, for example. In order to avoid the photolithography patterned photoresist layer 218 is removed by the 

problems caused by the reflection from the metal during the O2— H2O— CF4 plasma with a relatively low pressure, very 

patterning process used to form the metal lines 202, it is polymer remains over the substrate 200. Therefore, the 

usual to cover the metal line 202 with an anti-reflection layer cleaning process is performed without acetone solution after 

(ARQ 204 to decrease the reflection ability of the metal. patterned photoresist layer 218 is removed by the 

The ARC 204 can be formed fiom titanium or titanium/ O2— H2O— CF4 plasma with a relatively low pressure, 

titanium nitride by chemical vapor deposition (CVD) or Hence, the cleaning goal can be achieved and the poisoned 

sputtering, for example. P^^S ^ ^® subsequent process caused by the cleaning 

Assho^ in FIG. 2B,*a dielectric layer 206 is formed over ^1^^^°° removing polymer can be prevented, 

the substrate 200. The dielectric layer 206 has relatively low 35 As shown in FIG. 2E, a via plug metallization process is 

dielectric constant. The material of the dielectric layer 206 performed. In this example, a barrier/adhesion layer 224 is 

can be spin-on glass (SOG) with a relatively low dielectric formed over the substrate 200 and on the sidewall and the 

constant such as hydrogen silsesquioxane (HSQ). bottom of the via hole 222. The barrier/adhesion layer 224 

Preferably, the method of forming the dielectric layer 206 is used to increase the adhesion between the dielectric layer 

comprises forming a silicon-rich oxide 208 over the sub- 40 206 and the metal layer subsequenUy fonned in the via hole 

strate 200 by CVD, coating a dielectric layer 210 with a 222 and to prevent the devices from developing rehability 

relatively low dielectric constant, such as SOG, over the problems caused by the diffusion of the metal atoms from 

substrate 200 to fill gaps 212 between the metal lines 202, metal layer subsequently formed in the via hole 222 to 

forming a doped oxide layer 214 over the substrate 200, dielectric layer 206. The material of the barrier/adhesion 

forming an oxide layer 216 over the substrate 200 by 45 layer 224 can be titanium or titaniumAitanium nitride, for 

plasma-enhanced chemical vapor deposition (PECVD), and example. In order to improve the step coverage abiUly, the 

then performing a planarizing process on the oxide layer method of forming the barrier/adhesion layer 224 can be 

216. The planarizing process can be chemical-mechanical chemical vapor deposition, for example, 

polishing (CMP), for example. After that, a metal layer 226 is fonned over the substrate 

A patterned photoresist layer 218 having an opening 220 50 200 and fiUs the via hole 222. The material of the metal layer 

is formed on the dielectric layer 206. A portion of the 226 can be tungsten, for example. Preferably, the method of 

dielectric layer 206 exposed by the opening 220 is a prede- forming the metal layer 226 comprises performing a metal 

termined location for a via hole formed subsequenUy and it nucleation process on the barrier/adhesion layer 224 through 

aligns with the metal line 202. CVD for a long time, and then forming the metal layer 226 

As shown in FIG. 2C, the portion of the dielectric layer 55 over the substrate 200 to fill the via hole 222 by CVD. 

206 exposed by the opening 220 is removed to form a via Taking tungsten as an example, in the metallization process, 

hole 222. The method for removing the portion of the the tungsten nucleation is performed for about 1.5-2 

dielectric layer 206 can be anisotropic etching, for example. minutes, and then a tungsten layer is foraied to fiU the via 

Preferably, the method of removing the portion of the hole 222. Since the duraUon of the tungsten nucleation 

dielectric layer 206 comprises adjusting the component of 60 process in the invention is longer than that of the conven- 

the etching gas until the etching selective ratio of ARC 204 tional tungsten nucleation process, the tungsten nuclei are 

to dielectric layer 206 is relatively low, and then performing finely and uniformly formed on the titanium/titanium nitride 

an over-etching process by using the ARC 204 as an etching barrier/adhesion layer. Therefore, the step coverage ability 

stop layer to finish the formation of the via holes 222 with of the subsequently formed tungsten layer is improved and 

different depths. AdditionaUy, the gas source used in the 65 the keyhole will not occur. 

anisotropic etching is a fluorine-containing gas such as CF4, As shown in FIG. 2F, a portion of the metal layer 226 is 

CIIaF, C2F6 and C3F8. removed until the surface of the barrier/adhesion layer 224 
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is exposed. The remaining metal layer 226 in the via hole forming a patterned photoresist layer on the dielectric 

222 is used as a via plug. Ilie method of removing the layer, wherein the patterned photoresist layer has an 

portion of the metal layer 226 can be etching back with the opening exposing a portion of the dielectric layer, 

barrier/adhesion layer 224 serving as an etching stop layer or removing the portion of the dielectric layer exposed by 

CMP with the barrier/adhesion layer 224 serving as a 5 the opening to form a via hole; 

polishing stop layer, for example. removing the patterned photoresist layer by an 

Altogether, the invention provides the following advan- O^-H^O-CF^ plasma pressurized at about 800-1000 

Uges: ^0""' 

, , performing a cleaning process with a post-stripper rinse 

1. In the mvention, the ARC is used as an etching stop i j ^ • • j 

, J . ,t r- r • L 1 J 10 solution and de-ionized water; 

layer dunne the formation of the via holes and the ^ . , - , . . . , • , 

^^^r, :^ « ^u^^ forming a bamer layer over the substrate by chemical 

ovcr-ctcmng process is pcriormcd tor a snort time to a - • 

completely open the via holes. Therefore, the dielectric vapor eposi ion, 

layer with a relatively low dielectric constant will not performing a metal nucleation by chemical vapor depo- 

be penetrated through by the via hole. Hence, the poor ^^^0° ^ * P^^^^y of 0° 

step coverage and the electrical problems caused by the layer; and 

penetrated via hole can be avoided. forming a meUl layer to fill the via hole by chemical 

2. In the invention, the patterned photoresist layer is ^ vapor deposition 

removed by the 0^-H,0^^ plasma with a rela- , 2. The method of claim 1, wherein the step of performing 

tively low pressure of about 800-1000 torr. Therefore, the <^lean"ig process only uses post-stnpper nnse and 

the poisoned via plug can be avoided. Moreover, the '° ^""^^"^ ' ^ ^'^"^ ^ probability of 

probability of removing the polymers produced during Si-OH bond formation. 

the etching procedure is increased T^^°»^thod of claun 1, wherem the post-stnpper rmse 

,. ., , solution uicludes N-Methylpyrolidone. 

3. After the patterned photoresist layer is removed, very 4 ^^jhod of claim 1, wherein the step of performing 
hllle polymer remains over the substrate, so that the 2s the meul nucleation includes forming a plurality of tungsten 
cleamng process is performed without usmg acetone ^^^.j^i ^ nunmes. 

solution after the patterned photoresist layer is 5 ^^g,^ ^^^f^^ ^ ^^^^^j^ ^^j^ , ^^^^ 

removed. Therefore, the poisoned via plug in the sub- tungsten 

sequent process caused by the cleaning solution for ^ ^he method of claim 1, wherein the barrier layer 

removing polymer can be prevented. 30 comprises a titanium layer and a titanium nitride layer 

4. In the metallization process, since the duration of the 7^ jhe method of claim 1, wherein the step of removing 
metal nucleation process in the invention is longer than the portion of the dielectric layer exposed by the opening to 
that of the conventional metal nucleation process, the fonn the via hole uses an anti-reflection layer as an etching 
metal nuclei are finely and uniformly formed on the stop layer. 

barrier/adhesion layer. Therefore, the step coverage 35 The method of claim 1, wherein the dielectric layer is 

ability of the subsequently formed tungsten layer is made of hydrogen silsesquioxane. 

improved and the keyhole will not occur. 9, a method of removing a photoresist layer formed on a 

It will be apparent to those skilled in the art that various dielectric layer and used to form a via hole in the dielectric 

modifications and variations can be made to the structure of layer, the method comprising: 

the present invention without departing from the scope or 40 removing the photoresist layer by an O^— H^O— CF^ 

spirit of the invenUon. In view of the foregoing, it is intended plasma pressurized at about 800-1000 torr, and 

that the present invention cover modifications and variations performing a cleaning process with a post-stripper rinse 

of this invention provided they fall withm the scope of the ^^^^^^^ de-ionized water. 

following claims and their equivalents. ^^^^ ^ ^^^^^^ ^^^p of performing 

What is clauned is: the cleaning process only uses post-stripper rinse and 

1. A method of manufactunng a metal mtercomiect, de-ionized water, without acetone, to reduce a probability of 

compnsmg the steps of: S^p, ^^^^ formation. 

providing a substrate having a metal tine formed thereon, u. The method of claim 10, wherein the post-stripper 

wherein an etching stop layer is formed on the metal rinse solution includes N-Methylpyrolidone. 

line; 50 

forming a dielectric layer over the substrate; * ♦ ♦ ♦ * 



